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Abstract 
In an attempt to resolve the problem of poor clean coal quality and low ash content of tailing in the mixed flotation technology, factors 
affecting flotation performance were studied by orthogonal experiments, sieve analysis, progressive release flotation test and statistical 
methods. The classification flotation technology based on 0.125mm as the classification size was introduced, in which the key technology was 
the application of classification cyclone to separate the flotation feed. The 0.125-0mm fine coal slime was processed by innovative cyclone 
micro-bubble flotation column and clean coal filter press, while the 0.5-0.125mm coarse coal slimes were dealt with flotation machines and 
disc vacuum filters. The research results show that a decrease of 1.12% in the ash content of flotation clean coal and an increase of 9.51% in the 
ash content of flotation tailing coincide with the application of the classification flotation technology. Meanwhile, the corresponding clean coal 
recovery increases by 2.61%. 
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1. Introduction 
Coal bulk flotation process has been widely applied all over the world due to simplicity of process and ease of management. 
Recently, however, the raw coal quality has gradually decreased and the ratio of fine and superfine coal slime has steadily 
increased with the enhancement of mechanization in mining and the deepening of exploitation depth [1–2]. Furthermore, the 
progressively demanding standard in product quality results in the deadly disadvantages --- over-wide separation size distribution 
and contamination of clean coal resulting from entrainment of high-ash fine clay lead to clean coal with high ash while tailing 
coal with low ash content. In an attempt to solve the existing issues in coal bulk flotation process of Handan coal preparation 
plant, laboratorial orthogonal experiments, sieve analysis, progressive release flotation test and statistical method were utilized to 
further investigate the influence factors of flotation performance and to conduct practical application of classified flotation 
process and key technology [3-4]. 
2. Orthogonal experimental analysis on influencing factors of flotation 
The main factors affecting flotation performance can be summarized as follows: equipment capacity, feed property, reagent 
regime, process characteristics, operational method and the interaction between each factor. In practical, only operational method 
and reagent regime are timely adjustable in daily production, and the adjustment range is very small. 
In order to figure out the primary influential factors of flotation performance, 61×3３  uniform level orthogonal flotation 
experiments were designed in accordance with the adjustable factor in practical production, meanwhile, the first four columns of 
the orthogonal table L18（6１×3６）were selected. 
2.1. Technological factor level 
  As shown in Table 1, four factors similar to that of practical flotation production, namely, flotation feed particle size, flotation 
feed concentration, oil consumption and oil ration were chosen.  
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 1) Six levels of flotation feed particle size were +0.25 mm, 0.25-0.18 mm, 0.18-0.125 mm, -0.125 mm, +0.125 mm, and 0-0.8 
mm. Use production wet coal sample and dry it naturally, then screen flotation feed according to the particle size requirement. 
Table 1. Technological factor level 
Factor 
level 
A 
Feed particle size (mm) 
B 
Feed concentration (g/L) 
C 
Oil consumption (kg/t) 
D 
Oil ratio 
1 +0.25 100 1 10:1 
2 0.25-0.18 120 1.2 12:1 
3 0.18-0.125 140 1.4 14:1 
4 -0.125    
5 +0.125    
6 -0.8    
Note: collector is the  kerosene; frother is the GF 
2) Simulating practical production, three levels of flotation feed concentration were 140 g/L when processing coal slime with 
high flotability and relatively coarse size distribution, 120 g/L in general and 100 g/L while separating coal slime with poor 
flotability, respectively.  
3) Three levels of oil consumption selected empirically were 1 kg/t, 1.2 kg/t and 1.4 kg/t dry coal slime. 
4) Three levels of oil ratio, which is the dosage of collector to that of frother, were 10:1, 12:1 and 14:1, respectively. 
2.2. Experimental scheme and result analysis 
18 orthogonal experimental schemes of different factor and level, which have strong representativeness, were arranged 
following the orthogonal experiment rule.   
The results of the experiments are evaluated by scoring method. For clean coal ash, 10.90% is equal to 10 points, decreasing 
by 0.1 points every 0.1% of rise in ash, whereas the yield is marked with percentage. Thus, the overall score is equivalent to the 
sum of score of clean coal ash and that of clean coal yield. kR is factorial effect value, which reflects the amplitude of variation of 
clean coal ash and yield deriving from the changes in factors and levels. The value of each kR represents the related effect extent 
on flotation performance. The results illustrate that kR of feed particle size, feed concentration, oil consumption and oil ratio are 
39.4, 2.1, 2.64 and 2.88, respectively. Undoubtedly, it can be seen that size distribution of feed coal slime is the prime factor on 
affecting flotation performance among these four factors, followed by factors in order of oil ratio, oil consumption and 
concentration. Hence, how to control the upper limit of flotation feed particle size and narrow the feed size range as well as how 
to select suitable separation system and parameter self-governing system in terms of various size fraction is an effective approach 
to improve the flotation performance. 
3. Statistical analysis of flotation feed and product sieve test  
Statistical analysis of flotation feed and product sieve test is summarized in Table 2. 1) Statistic data of flotation feed sieve test 
show that +0.125 mm relatively coarse coal slime accounts for 50.71% and employs a ash of just 10.94. Theoretically, this coarse 
part has a nice flotability. Additionally, the -0.125 mm fine coal slime is 49.29% of feed but its ash is up to 23.44, 12.5% more 
than that of coarse coal slime. Therefore, it is the key of the flotation process how to better separate this high-ash fine clay 
fraction, which directly determines the success probability of the flotation process. 2) Statistic data of flotation feed sieve test 
demonstrate that the clean coal ash is 9.64%, which is beyond the ash requirement 8.51%-9.00%. Moreover, the +0.125 mm 
coarse coal slime part with ash of 7.79% makes up 26.54%, far less than the ratio of this part to feed. In the other hand, the -
0.125 mm fine coal slime with ash of 10.31% accounts for 73.46%. Accordingly, we can see that there is a serious contamination 
of high-ash fine clay in clean coal. 3) Statistic data of flotation tailing coal displays that +0.125 mm relatively coarse coal slime, 
whose ash content is 13.89%, accounts for 50.63% of the total amount. At this point, how to further intensify the recovery of 
relatively coarse coal slime is the key point to enhance the tailing coal ash content. 
Table 2. Experimental statistic data of flotation feed and product sieve test 
Y/M size 
Flotation feed Flotation clean coal Flotation tailing coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
+0.8 0.97 10.44     1.17  11.89  
0.8-0.35 4.97 9.83 1.57  7.62  4.51  10.95  
0.35-0.25 15.29 9.97 6.97 7.37 14.49 11.60 
0.25-0.18 11.89 10.42 6.46  7.61  12.00  12.90  
0.18-0.15 11.20 11.81 7.23  8.00  11.34  15.90  
0.15-0.125 6.40 13.62 4.31 8.49 7.11 19.21 
Subtotal 50.71 10.94 26.54  7.79  50.63  13.89  
-0.125 49.29 23.44 73.46  10.31  49.37  39.42  
Total 100 17.10 100  9.64  100  26.50  
4. Size-grading coal slime progressive release flotation test 
Aiming at studying on the effects of fine high-ash coal slime on the feed flotability, several progressive flotation tests were 
conducted in terms of particle size, whose results are tabulated in Table 3. As shown in the table, the combustible recovery of 
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desliming +0.125 mm coarse coal slime is 90.52%, which is about 5% more compared with that of mixed coal slime; the 
flotability is improved remarkably. At the meantime, the contamination of high-ash fine clay to clean coal is eliminated to certain 
degree so that it is easier to ensure the clean coal ash content. However, the combustible recovery of -0.125 mm high-ash fine 
coal slime is 53.58%, decreasing by 32.06%, thus this part falls into the hard-to-float coal category. We can also achieve 
desirable efficiency as long as the proper separation equipment was selected to strengthen the “refinement segment” according to 
the flotability of coarse and fine coal slime. 
Table 3. Results of progressive release flotation tests 
Particle size number 
-0.5 mm coal slime progressive release test >0.125 mm coal slime progressive release test <0.125 mm coal slime progressive release test
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1# 65.26 7.35 9.09 5.38 8.89 4.74 
2# 5.26 14.54 25 7.34 3.33 6.3 
3# 4.21 17.28 30.68 8.76 15.56 7.34 
4# 3.16 22.09 23.86 12.27 23.33 13.62 
5# 7.37 24.35 11.37 23.65 48.89 38.3 
6# 14.74 56.08       
Combustible recovery (%) 85.64% (easy-to-float) 90.52% (extremely-easy-to-float) 53.58% (hard-to-float) 
5. Classified flotation process and application of its key technology 
5.1. Classified flotation process 
Compared to bulk flotation, the classification size in classified flotation is a relative conception, which is not strict with 
classification efficiency. It can be viewed as acceptable so long as the coarse part is mainly comprised of coarse particles while 
the fine fraction is primarily constituted by fine particles. We do so because the efficient separation ranges of both flotation 
column and flotation machine are -0.5 mm even though flotation column has advantage over flotation machine on processing 
fine coal slime. 
As for Handan coal preparation plant, the coal flotability is from mediate to difficult. In the first place, 0.125 mm was 
determined as the classification size according to the experimental results and practical production analysis. In practical, the 
hydrocyclone group was adopted to classify the coarse and fine segment in the flotation feed and the 0.5-0.125 mm coarse part 
was processed by existing flotation machine (vacuum filter system) whereas the -0.125 mm fine coal slime was dealt with brand 
new cyclonic microbubble flotation column (clean coal filter press technology). In the light of the various flotation and filtration 
characteristics displayed by coarse and fine coal slime, different flotation and dewatering equipments and reagent regime were 
applied so as to sufficiently exercise every equipment’s advantages of separation and dewatering in different size fractions, and 
ultimately fulfill high-accuracy separation of coarse coal slime from fine one and high-efficiency dewatering. 
5.2. Key technology of classified flotation process 
5.2.1. Cyclonic microbubble flotation column 
Currently, the main methods for the separation of fine and superfine particle are froth flotation, oil briquetting flotation and 
selective flocculant, etc, among which the froth flotation is the most mature one and has been industrialized [5-7]. The practice 
shows that there are some disadvantages of traditional mechanical agitation flotation machine. First, since the clean coal froth is 
thin (around 300-400 mm) due to the shallow flotation cell and the entraining high-ash fine clay is much, the selectivity and 
separation efficiency is poor. In addition, the abrasion of impeller immersed into pulp of every cell is serious. Moreover, the 
maintenance workload is huge, accordingly, the maintenance cost is high. Besides, space required is large and investment in civil 
engineering is enormous. Furthermore, the power consumption is colossal as there is an engine in every cell. 
Given the disadvantages of traditional flotation machine, cyclonic microbubble flotation column was developed. It not only 
improves the separation efficiency, but also further extends the separation size range to micron order, thus, it is especially suited 
for the processing of superfine materials. 
The specific merits of cyclonic microbubble flotation column are as follows: 1) the combination of flotation theory and gravity 
separation (cyclonic force field) enhances the separation efficiency; 2) large capacity per unit volume and advanced technical 
indicators. Since the column is a combination of flotation and gravity separation, there are coarse separation, refinement and 
scavenging taking place in one column. The pollution of high-ash fine clay to clean coal is mild, thus, the clean coal ash is low 
and recovery is high. It is totally fit for the -0.5 mm coal slime flotation, especially for the high-ash, fine(-0.045 mm) hard-to-
float coal; 3) as for energy-saving self-suction jet microbubble generator equipped outside column, aeration capacity is large and 
the generated bubble quality is high, moreover, it works steadily without any plugging, in addition, it is easy to adjust, maintain 
and replace; 4) column is designed with reference of packed flotation column and overcomes the plugging problem existing in 
practice, meanwhile, the two-segment design not only improves the separation accuracy, but more importantly, lower the column 
height; 5) reasonable configuration inside the column ensures the startup and halt at any time without emptying and blockage 
caused by sediment; 6) low power consumption and remarkable energy saving (up to 1/3 of power consumed by the tradition 
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flotation machine with the same capacity); 7) common flotation reagents are also applicable to column with nearly the same 
dosage. 
5.2.2. Clean coal filter press 
Traditional dewatering equipment of flotation clean coal is vacuum filter, that is, the realization of solid-liquid separation is 
gained based on the pressure difference induced by vacuum. Nonetheless, the pressure difference generated by vacuum pump can 
only reach as high as 0.06 MPa, actually, the pressure of filter surface, which is less than 0.02 MPa in general, is much lower. 
Hence, low dewatering efficiency, high filter cake water content and huge energy consumption become the insurmountable 
problems of vacuum filter, in particular when processing fine and viscid materials, the dewatering through filter gets even more 
difficult. These problems are embodied by following aspects: 1) filter cake is firmly adhered and hard to discharge without outer 
human assistance; 2) filtrate of vacuum filter is not clean water, but a high concentration filtrate that has to return flotation, in 
which case fine coal slime will be circulated in the system so as to increase the idle work consumption without any doubt and to 
deteriorate the flotation and filter performance; 3) huge power consumption of vacuum pump; 4) the replacement of filter cloth is 
troublesome and costly. 
Clean coal filter press researched and developed for the disadvantages of vacuum filter in existence is characterized by ensuing 
respects [8–9]: 1) Clean coal filter press uses independent air inflow configuration so that the air flue will be easy to maintain and 
not be blocked; in addition, the high-intensity two-side diaphragms on the filter board which could realize the high-pressure 
liquid feeding and blow on filter cake with strong airflow as well as dewatering by diaphragm squeeze on filter cake greatly 
improve the dewatering performance. 2) Dewatering process of filter press is fed through gravitational flow and air pressure, 
which overcomes the feeding problems in the use of pump pressure caused by low concentration of clean coal pulp and a large 
number of bubbles within the pulp. Furthermore, the dewatering process is automatic governed by PC application programme 
which can make the operation reliable. This way the allocation is reasonable and the adjustment is flexible. 3) Advanced 
dewatering technical indicators. The filter cake water content can be up to 18%-22%. Compared to vacuum filter at the same 
capacity, the filter cake water content is decreased by 6%-10%, while the discharging percentage of filter cake is increased by 
30%-40% and meanwhile the electricity saving ratio is as high as 60%-70%. Moreover, the filtrate is clean water which can be 
directly used as cycle water, thus, there is a decrease in the amount of fine clay circulating in the system so that it is conducive to 
enhancing flotation and filter performance. 
5.3. Application of classified flotation process and key technology  
Table 4. Comparison between results of new and old flotation test  
Item size 
Results of old bulk flotation machine (%) Results of classified flotation machine (%) Results of classified flotation column (%) 
Clean coal 
yield 
Clean coal 
ash 
Tailing  
yield 
Tailing 
ash 
Clean coal 
yield 
Clean coal 
ash 
Tailing 
yield 
Tailing 
ash 
Clean coal 
yield 
Clean coal 
ash 
Tailing 
yield 
Tailing 
ash 
+0.35 1.63 7.08 1.25 14.02 3.04 7.5 1.62 19.77       
0.35-0.18 10.47 7.43 4.38 15.22 13.89 7.07 2.43 17.36 1.85 6.99   
0.18-0.125 15.58 8.82 6.76 29.87 22.22 8.75 4.05 36.87 4.92 6.71 1.35 31.57 
0.125-0.075 15.58 10.62 10.01 18.77 16.41 10.9 10.12 65.85 9.22 7.53 1.9 58.51 
0.075-0.045 10 12.03 10.89 65.91 12.12 11.84 11.74 72.61 12.7 8.7 3.25 68.87 
-0.045 46.74 13.17 66.71 77.33 32.32 11.14 70.04 78.07 71.31 13.58 93.5 81.8 
Total 100 11.28  100 63.50  100 9.98  100 72.10  100 11.94  100 80.26  
Clean coal concentration (g/L) 228 260 132.8 
Filter cake thickness mm 15 30 36.72 
Filter cake water content (%) 25.55 22.26 20 
Integrated clean coal yield (%) 87.67 90.28 
Integrated clean coal ash (%) 11.28 10.16 
Integrated tailing ash (%) 63.5 73.01 
Integrated flotation clean coal 
water content (%) 25.55 22.04 
Classified flotation process manifested its own exclusive advantages in terms of enhancement of separation efficiency, 
electricity saving, improvement of the entire coal preparation process, etc, after being put into production. The comparative 
experiments lasting one week were launched without changing property of flotation coal slime, whose results were listed in 
Table 4. As can be seen from Table 4, the ultimate clean coal ash of classified flotation is 10.16%, decreasing by 1.12% from 
11.28% of that of mixed bulk flotation. It follows that classified flotation is easier to attain the low-ash clean coal. Besides, on 
the premise of realization of clean coal ash ejection, the final integrated tailing ash of classified is 73.01%, which is 9.51% higher 
than 63.5% of tailing ash of bulk flotation. Furthermore, in classified flotation progress, tailing ash of every size fraction is 
notably higher than corresponding ash of bulk flotation, regardless of flotation machine or column. Accordingly, classified 
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flotation effectively modifies each size fraction’s flotability. Moreover, the integrated clean coal yield of classified flotation rises 
by 2.61% from that of bulk yield of 87.67%-90.28%. 
With application of classified flotation, feed size distribution of flotation-filter system changes; the amount of high-ash fine 
clay drops; capacity per flotation machine increases from 25 to 40 t/h; filter cake thickness climbs from 15 to 30 mm; drop ratio 
of filter cake dramatically rises form 70% to roughly 100%; filter cake water content falls by 3.29% from 25.55% to 22.26%; and 
integrated clean coal water content decreases by 3.51% from 25.55% to 22.04%. 
6. Conclusions 
1) Among the four influence factors, namely, size distribution, feed concentration, oil consumption and oil ratio, size 
distribution is the main factor affecting flotation performance, followed by oil ratio, oil consumption and concentration in turn. 
2) There is difference in flotability between coarse and fine coal slime (the wider feed size range), the poorer flotation 
performance it is. Narrowing feed size range, eliminating the contamination of fine clay to clean coal and intensifying recovery 
of relatively coarse coal slime are the key points to reduce clean coal ash as well as to increase tailing ash and ultimately to 
improve the flotation performance. 
3) Flotation column and clean coal filter press are the crucially technical guarantee of the separation of fine coal slime in 
classified flotation and subsequent dewatering. 
4) Classified flotation enhances the separation accuracy. The ash content of flotation clean coal was decreases by 1.12% and 
the ash content of tailing was increases by 9.51%. The clean coal yield was increased by 2.61% and the clean coal water content 
was decreased by 3.51%. 
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